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(57) ABSTRACT

A method for making a surface enhanced Raman scattering
device in accordance with one aspect of the present invention
comprises a first step of forming a nanoimprint layer on a
main surface of a wafer including a plurality of portions each
corresponding to a substrate; a second step of transferring, by
using a mold having a pattern corresponding to a fine struc-
tural part, the pattern to the nanoimprint layer after the first
step, and thereby forming the formed layer including the fine
structural part for each portion corresponding to the substrate;
athird step of forming a conductor layer on the fine structural
part after the second step; and a fourth step of cutting the
wafer into each portion corresponding to the substrate after
the second step.

11 Claims, 13 Drawing Sheets




US 9,267,894 B2

Page 2
(56) References Cited Jp 2009-544967 A 12/2009
Jp 2010-506191 A 2/2010
U.S. PATENT DOCUMENTS Jp 2011-033518 A 2/2011
Jp 2011-506916 A 3/2011
7,864,313 B2 1/2011 Baumberg et al. g %8}}'%33‘3‘3 i ggg}}
N -
8,416,406 B2 A2013 SWKE v B82;(5é?3/8(1) Jp 2011-141265 A 7/2011
2006/0146323 Al 7/2006 Bratkovski et al. e Wizl & Lol
2011/0027901 Al 2/2011 Gaster et al. WO WO-2008/013683 A2 1/2008
2011/0166045 Al 7/2011 Dhawan et al. wO WO0-2010/050203 Al 5/2010
WO WO-2010/090111 Al 8/2010
FORFEIGN PATENT DOCUMENTS WO WO0-2011/021085 A2 2/2011
WO WO-2011/040504 Al 4/2011
1P 2003026232 A 1/2003 WO wo-2012/024006 A2 2/2012
1P 2005-337771 A 12/2005 WO WO-2014/025033 Al 2/2014
1P 2007-530925 A 11/2007 WO WO0-2014-025034 Al 2/2014
Jp 2007-538264 A 12/2007
Jp 2008-519254 A 6/2008 OTHER PUBLICATIONS
ig 220(%;522325 ﬁ 1?%882 Masahiro Yanagisawa, “Detection of Trace Organic Gas Using
P 2009-025316 A 2/2000 Molecular Sensor with Plasmon Antenna,” Green Technology, vol.
P 2009047623 A 3/2009 22, No. 6, Jun. 10, 2012, pp. 42-47, with English Translation.
Jp 2009103643 A 5/2009
Jp 2009-236830 A 10/2009 * cited by examiner



U.S. Patent Feb. 23,2016 Sheet 1 of 13 US 9,267,894 B2

=]
1,
]
v;\ /
(O—“»‘\%
ﬂm(‘&
™
-
o) .
% ]



US 9,267,894 B2

Sheet 2 of 13

Feb. 23, 2016

U.S. Patent

5 ////// ]

{.\ DL \40 2

Z'b14



US 9,267,894 B2

Sheet 3 of 13

Feb. 23, 2016

U.S. Patent

9 6




U.S. Patent Feb. 23,2016 Sheet 4 of 13 US 9,267,894 B2

Fig.4

mm x100k SE(U)




U.S. Patent Feb. 23,2016 Sheet 5 of 13 US 9,267,894 B2

oL oy ety 2l

dmmrdom t et et




U.S. Patent Feb. 23,2016 Sheet 6 of 13 US 9,267,894 B2

Fig.6
(a1)
FORMING OF
CONDUCTOR CUTTING
LAYER 5
5,6(10)
)

50
401

(b1) (b2)
FORMING OF
CUTTING CONDUCTOR
LAYER
5,6(10) (10)
T L =P (=7 SNy e

o< ‘.'{5;' -~4
N7

MOUNTING/PACKING

(c)




US 9,267,894 B2

13

Feb. 23, 2016 Sheet 7 of

U.S. Patent

QEV S n_ .,..xw_

or—" BN

\/////Zw%///g%////éﬁ///////z%/////

Q\A/\\\\\ @\\ L L L
/

9 S

2 B4



U.S. Patent Feb. 23,2016 Sheet 8 of 13 US 9,267,894 B2

Fig.8




U.S. Patent Feb. 23,2016 Sheet 9 of 13 US 9,267,894 B2

Fig.9



U.S. Patent Feb. 23,2016 Sheet 10 of 13 US 9,267,894 B2

7
_

Fig.10




US 9,267,894 B2

Sheet 11 of 13

Feb. 23, 2016

U.S. Patent

no¢ dﬁ

ov\////zWM////%%/////%//// S

VAV AV AT AL S LA sy = e -t

N/ \/

4
1 § 15

L1614



US 9,267,894 B2

Sheet 12 of 13

Feb. 23, 2016

U.S. Patent

a0y

,q.m

»- DN ////%7/////4%///4%%/%7/////

\\\.\h_\\\\

\\\@\/X\

9 g

/\

ZLBid4



U.S. Patent Feb. 23,2016 Sheet 13 of 13 US 9,267,894 B2

Fig.13



US 9,267,894 B2

1
METHOD FOR MAKING SURFACE
ENHANCED RAMAN SCATTERING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Provisional Application
No. 61/682,406 filed on Aug. 13, 2012, and Japanese Patent
Application No. JP2012-178976 filed on Aug. 10, 2012, by
the same applicant, which are hereby incorporated by refer-
ence in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for making a
surface enhanced Raman scattering device.

2. Related Background Art

As a conventional surface enhanced Raman scattering
device, one comprising a fine metal structural part which
generates surface enhanced Raman scattering (SERS) has
been known (see, for example, Japanese Patent Application
Laid-Open No. 2011-33518 and “Q-SBRSTM Gl Sub-
strate”, [online], Opto Science, Inc., [retrieved on 2012-07-
19], retrieved from the Internet <URL: http/www.opto-
science.com/maker/nanova/pdf/Q-SERS_G1.pdf>). In such
a surface enhanced Raman scattering device, a sample sub-
jected to Raman spectrometry is brought into contact with the
fine metal structural part. When the sample is irradiated with
excitation light in this state, surface enhanced Raman scatter-
ing occurs, whereby Raman scattered light enhanced by about
108 times, for example, is emitted.

As a method for making a surface enhanced Raman scat-
tering device such as the one mentioned above, Japanese
Patent Application Laid-Open No. 2011-75348, for example,
describes a method comprising forming a plurality of fine
pillars on a substrate by vapor deposition and further forming
metal films at top parts of the pillars by vapor deposition,
thereby producing a fine metal structural part.

SUMMARY OF THE INVENTION

However, the above-mentioned surface enhanced Raman
scattering device making method forms a plurality of fine
pillars on a substrate by vapor deposition and thus increases
the time required for forming the pillars, while the pillars may
have unstable forms.

It is therefore an object of the present invention to provide
a surface enhanced Raman scattering device making method
which can make a surface enhanced Raman scattering device
efficiently and stably.

The surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion is a method for making a surface enhanced Raman scat-
tering device comprising a substrate having a main surface; a
formed layer formed on the main surface and including a fine
structural part; and a conductor layer formed on the fine
structural part and constituting an optical function part for
generating surface enhanced Raman scattering; the method
comprising a first step of forming a nanoimprint layer on a
main surface of a wafer including a plurality of portions each
corresponding to the substrate; a second step of transferring,
by using a mold having a pattern corresponding to the fine
structural part, the pattern to the nanoimprint layer after the
first step, and thereby forming the formed layer including the
fine structural part for each portion corresponding to the
substrate; a third step of forming the conductor layer on the
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fine structural part after the second step; and a fourth step of
cutting the wafer into each portion corresponding to the sub-
strate after the second step.

This surface enhanced Raman scattering device making
method transfers a pattern of a mold to a nanoimprint layer on
a wafer, and thereby form a formed layer including a fine
structural part for each portion corresponding to a substrate.
This can form the fine structural part efficiently and stably.
Therefore, this surface enhanced Raman scattering device
making method can make a surface enhanced Raman scatter-
ing device efficiently and stably.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, the fourth step may be performed after the third step.
This can form a conductor layer collectively for a plurality of
fine structural parts on the wafer, whereby the surface
enhanced Raman scattering device can be made more effi-
ciently.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, the mold may be flexible. This makes it easier to release
the mold from the nanoimprint layer. When a relatively large
distortion or the like exists in the wafer in this case, the mold
follows the distortion or the like in the wafer, whereby the fine
structural part can be formed stably.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, the mold may be elastic. In this case, foreign matters and
the like, if any, intervening between the mold and the nanoim-
print layer are likely to bite onto the mold. Therefore, areas of
transfer failures can be suppressed. This can also make it
easier for the pattern of the mold to follow the nanoimprint
layer, and thereby form the fine structural part stably. Further,
when relatively small roughness and the like exist in the wafer
in this case, the mold follows the roughness and the like of the
wafer, whereby the fine structural part can be formed more
stably.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, the mold may have a plurality of patterns, and in the
second step, a plurality of the patterns may be simultaneously
transferred to the nanoimprint layer by using the mold. This
can collectively form a plurality of fine structural parts for the
nanoimprint layer on the wafer, whereby the surface
enhanced Raman scattering device can be made more effi-
ciently.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, a plurality of the patterns may be separated from each
other, and in the second step, a plurality of the patterns may be
simultaneously transferred to the nanoimprint layer by using
the mold such that a plurality of fine structural parts are
separated from each other. In this case, the wafer can be cut
easily with reference to a space between adjacent fine struc-
tural parts as a guide for cutting.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, a plurality of the patterns may be continuous, and in the
second step, a plurality of the patterns may be simultaneously
transferred to the nanoimprint layer by using the mold such
that a plurality of fine structural parts are continuous. This can
form a greater number of fine structural parts in a small area
than in the case where a plurality of fine structural parts are
formed so as to be separated from each other, whereby a
greater number of surface enhanced Raman scattering
devices can be obtained from the wafer.
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In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, in the fourth step, the formed layer and conductor layer
existing on a line to cut passing between the portions corre-
sponding to the substrates may be cut together with the wafer.
This can integrally form the formed layer and conductor layer
all over the portions corresponding to the substrates, whereby
the surface enhanced Raman scattering devices can be made
more efficiently.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, in the fourth step, a fracture may be extended from a
cutting start point formed in the wafer along the line and
thereby the formed layer and conductor layer existing on the
line are cut together with the wafer. This makes it unnecessary
for the formed layer and conductive layer to be formed with a
cutting start point and thus can inhibit the fine structural part
and optical function part from being damaged.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, the formed layer may include a support for supporting
the fine structural part on the main surface of the substrate and
a ring-shaped frame surrounding the support on the main
surface of the substrate, and in the fourth step, a fracture may
be extended from a cutting start point formed in the wafer
along a line to cut passing between the portions correspond-
ing to the substrates, and thereby the frame and conductor
layer existing on the line are cut together with the wafer. In
this case, the frame can favorably buffer shocks caused by
cutting and the like, whereby the fine structural part and
optical function part can be inhibited from being damaged at
the time of cutting.

In the surface enhanced Raman scattering device making
method in accordance with one aspect of the present inven-
tion, in the fourth step, the wafer may be irradiated with laser
light while locating a converging point within the wafer, and
thereby a modified region is formed as the cutting start point
within the wafer along the line. In this case, the wafer is hardly
affected by the irradiation with the laser light except for the
vicinity of the converging point of the laser light therewithin,
whereby the fine structural part and optical function part can
be inhibited from being damaged at the time of cutting. Uti-
lizing a fracture having extended from the modified region,
the formed layer and conductor layer on the line can accu-
rately be cut together with the water.

The present invention can provide a surface enhanced
Raman scattering device making method which can make a
surface enhanced Raman scattering device efficiently and
stably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a surface enhanced Raman scat-
tering unit comprising the surface enhanced Raman scatter-
ing device in accordance with one embodiment;

FIG. 2 is a sectional view taken along the line II-II of FIG.
1

FIG. 3 is an enlarged sectional view of an optical function
part in FIG. 2;

FIG. 4 is a SEM photograph of the optical function part in
FIG. 2;

FIG. 5 is a perspective view illustrating steps of making the
surface enhanced Raman scattering device of FIG. 1;

FIG. 6 is a perspective view illustrating steps of making the
surface enhanced Raman scattering device of FIG. 1;

FIG. 7 is a sectional view illustrating a step of cutting a
wafer;
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FIG. 8 is a perspective view illustrating a step of cutting the
wafer;

FIG. 91s aperspective view illustrating a step of making the
surface enhanced Raman scattering device in accordance
with another embodiment;

FIG. 10 is an enlarged sectional view illustrating a modi-
fied example of FIG. 3;

FIG. 11 is a sectional view illustrating a modified example
of the step of cutting the wafer;

FIG. 12 is a sectional view illustrating the modified
example of the step of cutting the wafer; and

FIG. 13 is a sectional view illustrating the modified
example of the step of cutting the wafer.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, embodiments will be explained in detail
with reference to the drawings. In the drawings, the same or
equivalent parts will be referred to with the same signs while
omitting their overlapping explanations.

As illustrated in FIGS. 1 and 2, a SERS unit (surface
enhanced Raman scattering unit) 1 comprises a handling
substrate 2 and a SERS device (surface enhanced Raman
scattering device) 3 attached onto the handling substrate 2.
The handling substrate 2 is a rectangular sheet-like glass
slide, resin substrate, ceramic substrate, or the like. The SERS
device 3 is arranged on a front face 2a of the handling sub-
strate 2 while being lopsided to one longitudinal end part of
the handling substrate 2.

The SERS device 3 comprises a substrate 4 attached onto
the handling substrate 2, a formed layer 5 formed on the
substrate 4, and a conductor layer 6 formed on the formed
layer 5. The substrate 4 is formed from silicon, glass, or the
like into a rectangular sheet having an outer shape on the order
of'several 100 pmxseveral 100 pm to several 10 mmxseveral
10 mm with a thickness on the order of 100 um to 2 mm. The
substrate 4 has arear face 45 secured to the front face 24 of the
handling substrate 2 by direct bonding, bonding with a metal
such as solder, eutectic bonding, fusion bonding by irradia-
tion with laser light or the like, anodic bonding, or bonding
with a resin.

As illustrated in FIG. 3, the formed layer 5 includes a fine
structural part 7, asupport 8, and a frame 9. The fine structural
part 7, which is a region having a periodic pattern, is formed
on a surface on the side opposite from the substrate 4 at a
center part of the formed layer 5. In the fine structural part 7,
a plurality of cylindrical pillars 71 having a diameter and
height in the order of several nm to several um are periodi-
cally arranged with a pitch on the order of several 10 nm to
several 100 nm along a front face (main surface) 4a of the
substrate 4. The fine structural part 7 has a rectangular outer
shape on the order of several 100 umxseveral 100 um to
several 10 mmxseveral 10 mm when seen in the thickness
direction of the substrate 4. The support 8, which is a rectan-
gular region for supporting the fine structural part 7, is formed
on the front face 4a of the substrate 4. The frame 9, which is
a rectangular-ring-shaped region surrounding the fine struc-
tural part 7 and support 8, is formed on the front face 4a of the
substrate 4. Each of the support 8 and frame 9 has a thickness
on the order of several 10 nm to several 10 um.

The distance from the front face 8a of the support 8 to the
surface of frame 9 opposite from the substrate 4 (i.e., the
height of the frame 9) is greater than the height of the fine
structural part 7. The height of the frame 9 may also be
substantially the same as that of the fine structural part 7 as
illustrated in FIG. 10. The area of the contact surface between
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areplicamold R (which will be explained later) and the frame
9 at an end part of the fine structural part 7 is smaller (or, in
other words, the surface energy becomes smaller) when the
height of the frame 9 is substantially the same as that of the
fine structural part 7 than when the height of the frame 9 is
greater than that of the fine structural part 7. This makes it
possible to inhibit both structures of the replica mold R and
frame 9 at the end part of the fine structural part 7 from being
damaged when releasing the replica mold R from the formed
layer 5. The amount of the nanoimprint resin used in the
formed layer 5 can also be made smaller. The height of the
frame 9 may be made lower than that of the fine structural part
7, which also seems to yield the above-mentioned effects at
the time of molding. From the viewpoint of protecting the fine
structural part 7, however, it is desirable for the frame 9 to
have a height not lower than that of the fine structural part 7.
Hence, the above-mentioned effect at the time of forming and
the protection of the fine structural part 7 can be satisfied at
the same time when the frame 9 and fine structural part 7 have
substantially the same height as illustrated in FIG. 10.

The formed layer 5 is integrally formed by molding a resin
(examples of which include acrylic, epoxy, silicone, and ure-
thane resins, PET, polycarbonates, and inorganic-organic
hybrid materials) or low-melting glass arranged on the sub-
strate 4 by nanoimprinting, for example.

The conductor layer 6 is formed so as to extend over the
fine structural part 7 and frame 9. In the fine structural part 7,
the conductor layer 6 is formed on the surfaces of the pillars
71 and the front face 8a of the support 8 exposed on the side
opposite from the substrate 4. The conductor layer 6 has a
thickness on the order of several nm to several pum. The
conductor layer 6 is formed by vapor-depositing a conductor
such as a metal (examples of which include Au, Ag, Al, Cu,
and Pt) on the formed layer 5 molded by nanoimprinting, for
example. In the SERS device 3, an optical function part 10
which generates surface enhanced Raman scattering is con-
structed by the conductor layer 6 formed on the surfaces of the
pillars 71 and the surface 8a of the support 8.

FIG. 4 is a SEM photograph of the optical function part in
FIG. 2. The optical function part illustrated in FIG. 4 is one in
which Au is vapor-deposited as a conductor layer with a
thickness of 50 nm on a fine structural part made of a nanoim-
print resin having a plurality of pillars (each having a diam-
eter of 120 nm and a height of 180 nm) periodically arranged
ata predetermined pitch (a distance of 360 nm between center
lines).

Thus constructed SERS unit 1 is used as follows. First, the
SERS unit 1 is prepared. Subsequently, using a pipette or the
like, a solution sample (or a dispersion of a powder sample in
a solution such as water or ethanol, as the case may be) is
applied dropwise to a depression C defined by the support 8
and frame 9 of the formed layer 5, so that the sample is
arranged on the optical function part 10. Subsequently, in
order to reduce the lens effect, cover glass is mounted on the
frame 9, and thereby come into close contact with the solution
sample.

Next, the SERS unit 1 is set in a Raman spectrometer, and
the sample arranged on the optical function part 10 is irradi-
ated with excitation light through the cover glass. This gen-
erates surface enhanced Raman scattering at the interface
between the optical function part 10 and the sample, whereby
Raman scattered light derived from the sample is enhanced by
about 10® times, for example, and then emitted. Hence, highly
sensitive and highly accurate Raman spectrometry is possible
in the Raman spectrometer.

Not only the above-mentioned method, but the following
methods may also be used for arranging the sample onto the
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optical function part 10. For example, the handling substrate
2 may be nipped so that the SERS device 3 is dipped into a
solution sample (or a dispersion of a powder sample in a
solution such as water or ethanol), lifted up therefrom, and
then blown to dry. A minute amount of a solution sample (or
adispersion of a powder sample in a solution such as water or
ethanol) may be applied dropwise onto the optical function
part 10 aid left to dry naturally. A powder sample may be
dispersed as it is on the optical function part 10. Note that
mounting of the cover glass is not indispensable at the time
the measurement is conducted in these methods.

A method for making the SERS device 3 will now be
explained. First, as illustrated in (a) of FIG. 5, a master mold
M1 and a film base F are prepared. The master mold M1 has
a plurality of patterns MP arranged in a matrix. Each pattern
MP includes a fine structural part M7 corresponding to the
fine structural part 7 and a support M8 supporting the fine
structural part M7. In the master mold M1, the plurality of
patterns MP are separated from each other by a frame M9
corresponding to the frame 9. Note that master mold M1 may
be surface treated such as by applying mold lubricants or the
like so as to enable easy demolding during a latter process.

Next, the film base F is pressed against the master mold M1
and pressurized and heated in this state, and thereby the
patterns MP of the master mold M1 are transferred to the film
base F (thermal nanoimprint). Subsequently, the film base F is
released from the master mold M1, and thereby a replica mold
(replica film) R having a plurality of patterns RP in the reverse
of the patterns MP of the master mold M1 is yielded as
illustrated in (b) of FIG. 5. In the replica mold R, the plurality
of'patterns RP are separated from each other. Here, the replica
mold R is elastic and flexible. Its elasticity and flexibility
derive from the material (examples of which include PET
(polyethylene terephthalate), polycarbonate, silicone, poly-
imide, and fluorine resins) and thickness ofthe film base F, for
example. This makes the replica mold R more elastic and
flexible than molds formed from hard materials such as silica,
silicon, and nickel. The replica mold R is also more elastic
and flexible than a wafer 40 (which will be explained later).
Repeating the foregoing process can yield a plurality of rep-
lica molds R. The replica mold R may also be formed by
applying a resin (examples of which include epoxy, acrylic,
fluorine, silicone, urethane, and inorganic-organic hybrid res-
ins) onto the film base F. When the resin applied onto the film
base is UV-curable, it may be cured by irradiation with UV
instead of thermal nanoimprint, and thereby the replica mold
R is yielded (UV nanoimprint). Note that replica mold R may
be surface treated such as by applying mold lubricants or the
like so as to enable easy demolding during a latter process.

Then, as illustrated in (c) of FIG. 5, the wafer 40 including
a plurality of portions corresponding to the substrates 4 is
prepared, and a UV-curable resin is applied to its front face
40a, and thereby a nanoimprint layer 50 to become the
formed layer 5 is formed on the wafer 40.

Thereafter, the replica mold R is pressed against the
nanoimprint layer 50 on the wafer 40, and the nanoimprint
layer 50 is cured by irradiation with UV in this state, whereby
aplurality of patterns RP in the replica mold R are transferred
simultaneously to the nanoimprint layer 50. Subsequently,
the replica mold R is released from the nanoimprint layer 50.
This forms the formed layer 5 having fine structural parts 7 at
respective portions corresponding to the substrates 4 on the
wafer 40. A plurality of fine structural parts 7 are formed so as
to be separated from each other by the frames 9, while the
frames 9 adjacent to each other are formed so as to be con-
tinuous. Repeating the foregoing process can yield a plurality
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of wafers 40 each having the main surface 40a on which a
plurality of fine structural parts 7 are formed.

Next, as illustrated in (al) of FIG. 6, a film of a metal such
as Au or Ag is formed on the formed layer 5 by vapor depo-
sition, such as resistance heating vapor deposition or electron
beam vapor deposition, or sputtering, and thereby the con-
ductor layer 6 is formed. This forms optical function parts 10
at respective portions corresponding to the substrates 4 on the
wafer 40. On the wafer 40, the plurality of optical function
parts 10 are formed so as to be separated from each other,
while the conductor layer 6 is formed continuously over the
frames 9 adjacent to each other. Subsequently, as illustrated in
(b1) of FIG. 6, the wafer 40, formed layers 5, and conductor
layer 6 are cut into the individual portions corresponding to
the substrates 4, and thereby a plurality of SERS devices 3 are
yielded. More specifically, lines to cut are set like grids so as
to pass between the portions corresponding to the substrates
4, and the wafer 40 is cut along the lines, while the frames 9
of the formed layers 5 and conductor layer 6 existing on the
lines are cut. Then, as illustrated in (¢) of FIG. 6, the cut SERS
device 3 is secured to (mounted on) the handling substrate 2,
and thereby the SERS unit 1 is yielded, which is packed
thereafter.

Here, the wafer 40 and formed layers 5 may be cut into
chips for respective portions corresponding to the substrates 4
as illustrated in (a2) of FIG. 6, the conductor layer 6 may be
formed on the fine structural part 7 of each chip as illustrated
in (b2) of FIG. 6, and then mounting and packing may be
performed as illustrated in (¢) of FIG. 6. This can inhibit the
conductor layer 6 including the optical function part 10 from
being contaminated, since the conductor layer 6 is formed
after cutting the wafer 40 and formed layers 5.

The above-mentioned cutting of the wafer 40 is performed
as in the following, for example. The case of cutting the
formed layers 5 and conductor layer 6 together with the wafer
40 (the case of (al) and (b1) in FIG. 6) will be explained here.

First, as illustrated in FIG. 7, a tape B such as a light-
transmitting expandable tape is attached to the rear face 406
of the wafer 40. Subsequently, the wafer 40 is irradiated with
laser light L. through the tape B while locating a converging
point P within the wafer 40, and thereby modified regions RA
are formed within the wafer 40 along lines to cut CL.

Next, as illustrated in FIG. 8, a tensile load TF is applied to
the tape E, so that fractures extend in the thickness direction
of'the wafer 40 from the modified regions RA, thereby cutting
the frames 9 of the formed layers 5 and conductor layer 6
existing on the lines CL together with the wafer 40.

For cutting the frames 9 of the formed layers 5 and con-
ductor layer 6 existing on the lines CL by utilizing the exten-
sion of fractures under the tensile load, it is preferred for the
frame 9 and conductor layer 6 to have thicknesses of 50 um or
less and 2 pm or less, respectively. In this case, the frames 9 of
the formed layers 5 and conductor layer 6 existing on the lines
CL can be cut accurately along the lines CL.

As in the foregoing, the method for making the SERS
device 3 transfers the patterns RP of the replica mold R to the
nanoimprint layer 50 on the wafer 40, and thereby the formed
layers 5 including the fine structural parts 7 are formed for the
respective portions corresponding to the substrates 4. This
can form the fine structural parts 7 efficiently and stably.
Therefore, this method for making the SERS device 3 can
make the SERS device 3 efficiently and stably.

In the above-mentioned method for making the SERS
device 3, the step of cutting the wafer 40 into the respective
portions corresponding to the substrates 4 is performed after
the step of forming the conductor layer 6 on the fine structural
parts 7. Therefore, the conductor layer 6 can be formed col-
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lectively for a plurality of fine structural parts 7 on the wafer
40, whereby the SERS device 3 can be made more efficiently.

In the above-mentioned method for making the SERS
device 3, the replica mold R is flexible. This makes it easier to
release the mold from the nanoimprint layer. The effect of
making the mold easier to release is more favorably exhibited
in the method of this embodiment, since the replica mold R
having a plurality of patterns RP is used in order to form a
plurality of formed layers 5 at the same time. When a hard
mold is used, the mold and wafer 40 must be torn apart from
each other in directions vertically opposite from each other,
since the wafer 40, which is formed from silicon, glass, or the
like, is also hard. In this case, the surface energy is so high that
care must be taken for the peeling of the formed layers 5,
damages to the mold and substrates 4, and the like. The
flexible replica mold R, on the other hand, can be torn away
from an end part with a small energy, which makes it easier to
release, while inhibiting the formed layers 5 from peeling, the
mold and substrates 4 from being damaged, and so forth.

In the above-mentioned method for making the SERS
device 3, the replica mold R is flexible and thus follows
relatively large distortions and the like, if any, of the wafer 40,
whereby the fine structural parts 7 can be formed stably.

In the above-mentioned method for making the SERS
device 3, the replicamold R is elastic. Here, when a hard mold
is used, foreign matters and the like, if any, intervening
between the replica mold R and the nanoimprint layer 50 may
bite onto the nanoimprint layer 50, while a pert of the nanoim-
print layer 50 pushed back by the biting of the foreign matters
may project so as to surround the foreign matters and the like.
When a hard mold is used, a region to which the patterns RP
are not transferred may occur in the nanoimprint layer 50 in
the vicinity of the area where the foreign matters bite. When
a hard mold is used, as the pressure is increased, foreign
matters and the like may crush, thereby expanding defect
regions such as those incurring projections and those having
no patterns RP transferred thereto as mentioned above. When
the elastic mold is used, on the other hand, foreign matters are
likely to bite onto the mold, so that defect regions can be
suppressed to a size on a par with that of the foreign matters
and the like. This can suppress areas of transfer failures.

In the above-mentioned method for making the SERS
device 3, the replica mold R is elastic, so that its patterns are
easier to follow the nanoimprint layer 50. Hence, the fine
structural parts 7 can be formed more stably.

In the above-mentioned method for making the SERS
device 3, the replica mold R is elastic and thus follows rela-
tively small roughness, if any, existing in the wafer 40,
whereby the fine structural parts 7 can be formed more stably.

In the above-mentioned method for making the SERS
device 3, the replica mold R has a plurality of patterns RP, and
in the step of forming the formed layers 5 including the fine
structural parts 7, the plurality of patterns RP are simulta-
neously transferred to the nanoimprint layer 50 by using the
replica mold R. This makes it possible to form a plurality of
fine structural parts 7 collectively for the nanoimprint layer 50
on the wafer 40, whereby the SERS device 3 can be made
more efficiently.

When forming a plurality of formed layers 5 by so-called
stepping and repeating, it is required to set a long distance
between the patterns RP adjacent to each other in view of the
case where the nanoimprint layer 50 protrudes out of its
desirable area. In contrast, the above-mentioned method for
making the SERS device 3 forms a plurality of formed layers
5 at the same time by using the replica mold R having a
plurality of patterns RP and thus can arrange a greater number
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of patterns RP on the wafer 40 than when forming a plurality
of formed layers 5 sequentially, whereby the SERS device 3
can be made more efficiently.

When forming the formed layers 5 by stepping and repeat-
ing, a plurality of formed layers 5 are formed sequentially for
one wafer 40, which takes a very long time. Attention must
also be paid to the fact that, during a plurality of molding
operations, a part of the nanoimprint layer 50 may adhere to
the replica mold R and transfer to the subsequently molded
product, thereby lowering the yield. In contrast, the above-
mentioned method for making the SERS device 3 forms a
plurality of formed layers 5 at the same time and thus can
attain high productivity and high yield.

In the above-mentioned method for making the SERS
device 3, the plurality of patterns RP are separated from each
other in the replica mold R, and in the step of forming the
formed layers 5 including the fine structural parts 7, a plural-
ity of patterns RP are simultaneously transferred to the
nanoimprint layer 50 by using the replicamold R such that the
plurality of fine structural parts 7 are separated from each
other. Hence, the wafer 40 can be cut easily with reference to
a space between the adjacent fine structural parts 7, 7 as a
guide for cutting.

The above-mentioned method for making the SERS device
3 forms a plurality of fine structural parts 7 such that they are
separated from each other. Hence, the method of this embodi-
ment can vary the pitch of pillars 71 among a plurality of fine
structural parts 7, for example.

When the pitch of the pillars 71 is set shorter in the case of
forming the replica mold R by thermal nanoimprint or UV
nanoimprint as mentioned above, the replica mold R is con-
structed relatively thin in its center part contributing to form-
ing the fine structural parts 7 but relatively thick in its outer
edge part. The SERS device 3 formed by this replica mold R
is constructed relatively thick in its center part formed with
the fine structural part 7 but relatively thin in its outer edge
part. The SERS device 3 having the relatively thick center part
is easier to keep the form of the fine structural part 7 at the
center part when releasing the replicamold R from the formed
layer 5. Hence, the SERS device 3 having the relatively thick
center part has a characteristic of being able to inhibit the fine
structural part 7 from being damaged.

When the pitch of the pillars 71 is set longer in the case of
forming the replica mold R by thermal nanoimprint or UV
nanoimprint, on the other hand, the replica mold R is con-
structed relatively thick in its center part contributing to form-
ing the fine structural parts 7 but relatively thin in its outer
edge part. The SERS device 3 formed by this replica mold R
is constructed relatively thin in its center part formed with the
fine structural part 7 but relatively thick in its outer edge part.
The SERS device 3 having the relatively thin center part
reduces the amount of deformation caused by shrinkage on
curing or thermal expansion in the center part formed with the
fine structural part 7. Furthermore, the SERS device 3 having
the relatively thick outer edge part mitigates distortions
caused by the difference in coefficient of thermal expansion
with respect to the substrate 4. Hence, the SERS device 3
having the relatively thin center part has a characteristic of
being able to stabilize the property of surface enhanced
Raman scattering.

The above-mentioned method for making the SERS device
3 can vary the pitch of pillars 71 among a plurality of fine
structural parts 7 and thus can simultaneously mold a plural-
ity of SERS devices 3 having respective thickness distribution
structures different from each other. Hence, the method of this
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embodiment can simultaneously form a plurality of SERS
devices 3 for which respective characteristics different from
each other are demanded.

In the above-mentioned method for making the SERS
device 3, in the step of cutting the wafer 40 into the respective
portions corresponding to the substrates 4, the formed layers
5 and conductor layer 6 existing on the lines CL. passing
between the portions corresponding to the substrates 4 are cut
together with the wafer 40. This can integrally form the
formed layers 5 and conductor layer 6 all over the portions
corresponding to the substrates 4, whereby the SERS device
3 can be made more efficiently. Since the conductor layer 6
exists over the lines CL for cutting the wafer 40, the fine
structural parts 7 can be arranged efficiently. This also makes
it possible to omit the step for forming dicing lines in the
formed layers 5 and conductor layer 6.

In the above-mentioned method for making the SERS
device 3, in the step of cutting the wafer 40 into the respective
portions corresponding to the substrates 4, fractures are
extended from the modified regions RA formed in the wafer
40 along the lines CL, thereby cutting the formed layers 5 and
conductor layer 6 existing on the lines CL together with the
watfer 40. This makes it unnecessary to form the formed layers
5 and conductor layer 6 with cutting start points, whereby the
fine structural parts 7 and optical function parts 10 can be
inhibited from being damaged.

When cutting the formed layers 5 and conductor layer 6 by
laser, for example, materials forming the formed layers 5 and
conductor layer 6 may alter (e.g., change structures as being
melted by heat and carbonize). When cutting the formed
layers 5 and conductor layer 6 by blade dicing, for example,
cutting blades, cutting agents (e.g., water, oils, and gases),
and the like may contaminate the materials forming the
formed layers 5 and conductor layer 6. In contrast, the above-
mentioned method for making the SERS device 3 can prevent
the materials of the formed layers 5 and conductor layer 6
from being altered, contaminated, and so forth.

In the above-mentioned method for making the SERS
device 3, the formed layer 5 includes the support 8 for sup-
porting the fine structural part 7 on the main surface 4a and
the ring-shaped frame 9 for surrounding the support 8 on the
main surface 4a, and in the step of cutting the wafer 40 into
the respective portions corresponding to the substrate 4, frac-
tures are extended from the modified regions RA formed in
the wafer 40 along the lines CL passing between the portions
corresponding to the substrates 4, thereby cutting the frames
9 and conductor layer 6 existing on the lines CL together with
the wafer 40. Hence, the frames 9 can favorably buffer shocks
caused by cutting and the like, whereby the fine structural part
7 and optical function part 10 can be inhibited from being
damaged at the time of cutting.

In the above-mentioned method for making the SERS
device 3, in the step of cutting the wafer 40 into the respective
portions corresponding to the substrate 4, the wafer 40 is
irradiated with the laser light I while locating the converging
point P within the wafer 40, and thereby the modified regions
RA are formed as cutting start points within the wafer 40
along the lines CL. Hence, the wafer 40 is hardly affected by
the irradiation with the laser light L. except for the vicinity of
the converging point P of the laser light L. therewithin,
whereby the fine structural part 7 and optical function part 10
can be inhibited from being damaged at the time of cutting.
Utilizing fractures having extended from the modified
regions RA, the formed layers 5 and conductor layer 6 on the
lines CL can accurately be cut together with the wafer 40.

When cutting the wafer 40 by blade dicing, for example, a
protective film or the like for protecting the fine structural
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parts 7 is necessary. In contrast, the above-mentioned method
for making the SERS device 3 can save the step of providing
the protective film or the like. When providing the protective
film or the like, care must be taken to keep the protective film
from contaminating the fine structural parts 7. Such care is
unnecessary in the above-mentioned method for making the
SERS device 3.

When cutting the wafer 40 by blade dicing, for example,
the formed layers 5 may peel from the substrate 4. In contrast,
the above-mentioned method for making the SERS device 3
cuts the frames 9 and conductor layer 6 by a tensile load.
Hence, the above-mentioned method for making the SERS
device 3 can inhibit the formed layers 5 from peeling from the
substrates 4.

A method for making a SERS unit in accordance with
another embodiment will now be explained.

FIG. 9 is a schematic view for explaining the method in
accordance with another embodiment. This embodiment
forms a plurality of fine structural parts 7 continuously in a
nanoimprint layer 50 at the time of nanoimprinting.

In this embodiment, a pattern MP of a master mold M2
includes a fine structural part M7 corresponding to the fine
structural part 7 of the formed layer 5 and a support M8
supporting the fine structural part M7. The master mold M2
does not include the frames M9 (see (a) of FIG. 5) corre-
sponding to the frames 9 of the formed layers 5. In the master
mold M2, a plurality of patterns MP are continuous.

The method of this embodiment using the master mold M2
transfers the patterns MP of the master mold M2 to a film base
P by thermal nanoimprint or UV nanoimprint. Subsequently,
the film base F is released from the master mold M2. This
yields a replicamold R having a plurality of patterns RP in the
reverse of the patterns MP of the master mold M2. In the
replica mold R, the plurality of patterns RP are continuous.

Then, a wafer 40 including a plurality of portions corre-
sponding to substrates 4 is prepared, and a nanoimprint resin
is arranged over the plurality of portions corresponding to the
substrates 4 on its front face (main surface) 40a, and thereby
a nanoimprint layer 50 is formed integrally.

Next, the plurality of patterns RP in the replica mold R are
transferred simultaneously to the nanoimprint layer 50 by
nanoimprint. Here, a plurality of fine structural parts 7 are
formed so as to be continuous. Performing the remaining
steps as mentioned above can yield the SERS device 3 having
pillars 71 formed close to outer edge parts of the formed
layers 5.

As in the foregoing, in the method for making the SERS
device 3, the patterns RP of the replica mold R are transferred
to the nanoimprint layer 50 on the wafer 40, and thereby the
formed layers 5 including the fine structural parts 7 are
formed for the respective portions corresponding to the sub-
strates 4. This can form the fine structural parts 7 efficiently
and stably. Therefore, this method for making the SERS
device 3 can make the SERS device 3 efficiently and stably.

In the above-mentioned method for making the SERS
device 3, the step of cutting the wafer 40 into the respective
portions corresponding to the substrates 4 is performed after
the step of forming the conductor layer 6 on the fine structural
parts 7. Therefore, the conductor layer 6 can be formed col-
lectively for a plurality of fine structural parts 7 on the wafer
40, whereby the SERS device 3 can be made more efficiently.

In the above-mentioned method for making the SERS
device 3, the replica mold R is flexible. This makes it easier to
release the mold from the nanoimprint layer, while inhibiting
the formed layers 5 from peeling the mold and substrates 4
from being damaged, and so forth. In particular, the method of
this embodiment uses the replica mold R having a plurality of
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patterns RP in order to form a plurality of formed layers 5 at
the same time and thus more favorably exhibits the effects
mentioned above.

In the above-mentioned method for making the SERS
device 3, the replica mold R is flexible and thus follows
relatively large distortions and the like, if any, of the wafer 40,
whereby the fine structural parts 7 can be formed stably.

In the above-mentioned method for making the SERS
device 3, the replica mold R is elastic. Therefore, foreign
matters and the like, if any, intervening between the replica
mold R and the nanoimprint layer 50 are likely to bite onto the
mold R, so that defect regions can be suppressed to a size on
a par with that of the foreign matters and the like. This can
suppress areas of transfer failures.

In the above-mentioned method for making the SERS
device 3, the replica mold R is elastic, so that its patterns are
easier to follow the nanoimprint layer 50. Hence, the fine
structural parts 7 can be formed more stably.

In the above-mentioned method for making the SERS
device 3, the replica mold R is elastic and thus follows rela-
tively small roughness, if any, existing in the wafer 40,
whereby the fine structural parts 7 can be formed more stably.

In the above-mentioned method for making the SERS
device 3, the replica mold R has a plurality of patterns RP, and
in the step of forming the formed layers 5 including the fine
structural parts 7, the plurality of patterns RP are simulta-
neously transferred to the nanoimprint layer 50 by using the
replica mold R. This makes it possible to form a plurality of
fine structural parts 7 collectively for the nanoimprint layer 50
on the wafer 40, whereby the SERS device 3 can be made
more efficiently. This can also inhibit the nanoimprint layer
50 from protruding out as compared with the case of forming
a plurality of formed layers 5 sequentially by so-called step-
ping and repeating, so that a greater number of patterns RP
can be arranged on the wafer 40, whereby the SERS device 3
can be made more efficiently.

In the above-mentioned method for making the SERS
device 3, a plurality of patterns RP are continuous in the
replica mold R, and in the step of forming the formed layers
5 including the fine structural parts 7, a plurality of patterns
are simultaneously transferred to the nanoimprint layer 50 by
using the replica mold R such that the plurality of fine struc-
tural parts 7 are continuous. This can form a greater number of
fine structural parts 7 in a small area than in the case where
they are formed so as to be separated from each other.

In the above-mentioned method for making the SERS
device 3, in the step of cutting the wafer 40 into the respective
portions corresponding to the substrates 4, the formed layers
5 and conductor layer 6 existing on the lines CL. passing
between the portions corresponding to the substrates 4 are cut
together with the wafer 40. This can integrally form the
formed layers 5 and conductor layer 6 all over the portions
corresponding to the substrates 4, whereby the SERS device
3 can be made more efficiently. Since the conductor layer 6
exists over the lines CL for cutting the wafer 40, the fine
structural parts 7 can be arranged efficiently. This also makes
it possible to save the step for forming dicing lines in the
formed layers 5 and conductor layer 6.

In the above-mentioned method for making the SERS
device 3, in the step of cutting the wafer 40 into the respective
portions corresponding to the substrates 4, fractures are
extended from the modified regions RA formed in the wafer
40 along the lines CL, thereby cutting the formed layers 5 and
conductor layer 6 existing on the lines CL together with the
watfer 40. This makes it unnecessary to form the formed layers
5 and conductor layer 6 with cutting start points, whereby the
fine structural parts 7 and optical function parts 10 can be
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inhibited from being damaged. This can also prevent materi-
als of the formed layers 5 and conductor layer 6 from being
altered, contaminated, and so forth.

In the above-mentioned method for making the SERS
device 3, in the step of cutting the wafer 40 into the respective
portions corresponding to the substrate 4, the wafer 40 is
irradiated with the laser light I while locating the converging
point P within the watfer 40, and thereby the modified regions
RA are formed as cutting start points within the wafer 40
along the lines CL. Hence, the wafer 40 is hardly affected by
the irradiation with the laser light L. except for the vicinity of
the converging point P of the laser light L. therewithin,
whereby the fine structural part 7 and optical function part 10
can be inhibited from being damaged at the time of cutting.
Utilizing fractures having extended from the modified
regions RA, the formed layers 5 and conductor layer 6 on the
lines CL. can accurately be cut together with the wafer 40.
This can save the step of providing a protective film or the like
and prevent the protective film or the like from contaminating
the fine structural parts 7. This can also inhibit the formed
layers 5 from peeling from the substrates 4.

The present invention is not limited to the embodiments
explained in the foregoing. For example, the cross-sectional
forms of the pillars 71 are not necessarily circular, but may
also be elliptical or polygonal, e.g., triangular or quadrangu-
lar. Thus, various materials and forms can be employed for
each structure of the SERS device 3 without being restricted
to those mentioned above. Furthermore, the arrangement of
the pillars 71 is not limited to a matrix, but it may be a
staggered arrangement, a triangular grid arrangement, a ran-
dom arrangement, or the like.

The conductor layer 6 may be formed on the fine structural
parts 7 either directly or indirectly through any layers such as
layers of buffer metals (e.g., Ti and Cr) for improving the
adhesion of metals to the fine structural parts 7.

The frame 9 may surround the support 8 alone instead of
the support 8 and fine structural part 7.

In the nanoimprint step illustrated in (a) to (¢) of FIG. 5, a
plurality of formed layers may be formed sequentially by
repeatedly using a replica mold having a size smaller than that
of'the wafer 40 (stepping and repeating) as mentioned above.

When cutting the wafer 40 by extending fractures from the
modified regions RA, the modified regions RA may be
formed before making the conductor layer 6. FIGS. 11 to 13
are sectional views illustrating a modified example of the step
of cutting the wafer.

First, as illustrated in FIG. 11, the tape B is attached to the
rear face 405 of the wafer 40 before making the conductor
layer 6 after forming the formed layers 5. Subsequently, the
wafer 40 is irradiated with the laser light L through the formed
layers 5 from the front face 404 side while locating the con-
verging point P within the wafer 40, and thereby the modified
regions RA is formed within the wafer 40 along the lines CL..
In this example, the tape E is not required to be transparent to
light. The tape E may be attached to the rear face 405 of the
wafer 40 after forming the conductor layer 6, which will be
explained later. The type of the tape B may be changed
according to the stage of forming the modified regions RA in
FIG. 11 and respective stages of forming the conductor layer
6 in F1G. 12 and cutting the wafer 40 in FIG. 13, which will be
explained later.

Next, as illustrated in FIG. 12, a film of a metal such as Au
or Ag is formed on the formed layers 5, and thereby the
conductor layer 6 is made. This forms the optical function
parts 10 at respective portions corresponding to the substrates
4 on the wafer 40.
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Subsequently, while the tensile load TF is applied to the
tape E, a cutting assisting unit U having irregularities (e.g.,
saw-like irregularities) is struck on the rear face 405 of the
wafer 40 through the tape B, so as to extend fractures in the
thickness direction of the wafer 40 from the modified regions
RA formed within the wafer 40, thereby cutting the frames 9
of the formed layers 5 and conductor layer 6 existing on the
lines CL together with the wafer 40. This yields a plurality of
SERS devices 3. Then, thus cut SERS device 3 is secured
(mounted) to the handling substrate 2, and thereby the SERS
unit 1 is yielded, which is packed thereafter.

In this example, the wafer 40 is irradiated with the laser
light L from the front face 40a side, which makes it unnec-
essary for the tape B to be transparent to light. This can widen
the range of selectable types of the tape E.

The step of cutting the wafer 40 into the respective portions
corresponding to the substrates 40 is performed after the step
of forming the conductor layer 6 on the fine structural parts 7,
so that the conductor layer 6 can be formed collectively for a
plurality of fine structural parts 7 on the wafer 40, whereby the
SERS device 3 can be manufactured more efficiently.

The modified regions RA are formed before making the
conductor layer 6; after forming the conductor layer 6, the
wafer 40 is cut by extending fractures from the modified
regions RA, and then mounted and packed, whereby the time
elapsing before mounting and packing after forming the con-
ductor layer 6 can be made shorter, and thereby the conductor
layer 6 including the optical function parts 10 is inhibited
from being contaminated.

REFERENCE SIGNS LIST

3 ... SERS device (surface enhanced Raman scattering
device); 4 . . . substrate; 4a . . . front face (main surface);
5...formed layer; 6 . . . conductor layer; 7 . . . fine structural
part; 8. . . support; 9. .. frame; 10 . . . optical function part;
40 . . . wafer; 40a . . . front face (main surface); 50 . . .
nanoimprint layer, R . . . replica mold; RA . . . modified
region; RP . . . pattern

What is claimed is:

1. A method for making a surface enhanced Raman scat-
tering device comprising a substrate having a main surface; a
formed layer formed on the main surface and including a fine
structural part; and a conductor layer formed on the fine
structural part and constituting an optical function part for
generating surface enhanced Raman scattering the method
comprising:

a first step of forming a nanoimprint layer on a main surface
of a wafer including a plurality of portions each corre-
sponding to the substrate;

a second step of transferring, by using a mold having a
pattern corresponding to the fine structural part, the pat-
tern to the nanoimprint layer after the first step, and
thereby forming the formed layer including the fine
structural part for each portion corresponding to the
substrate;

a third step of forming the conductor layer on the fine
structural part after the second step; and

a fourth step of cutting the wafer into each portion corre-
sponding to the substrate after the second step.

2. The method for making a surface enhanced Raman scat-
tering device according to claim 1, wherein the fourth step is
performed after the third step.

3. The method for making a surface enhanced Raman scat-
tering device according to claim 1, wherein the mold is flex-
ible.



US 9,267,894 B2

15

4. The method for making a surface enhanced Raman scat-
tering device according to claim 1, wherein the mold is elas-
tic.

5. The method for making a surface enhanced Raman scat-
tering device according to claim 1, wherein the mold has a
plurality of such patterns; and

wherein, in the second step, a plurality of the patterns are

simultaneously transferred to the nanoimprint layer by
using the mold.

6. The method for making a surface enhanced Raman scat-
tering device according to claim 5, wherein a plurality of the
patterns are separated from each other; and

wherein, in the second step, a plurality of the patterns are

simultaneously transferred to the nanoimprint layer by
using the mold such that a plurality of the fine structural
parts are separated from each other.

7. The method for making a surface enhanced Raman scat-
tering device according to claim 6, wherein the formed layer
includes a support for supporting the fine structural part on the
main surface of the substrate and a ring-shaped frame sur-
rounding the support on the main surface of the substrate; and

wherein, in the fourth step, a fracture is extended from a

cutting start point formed in the wafer along a line to cut
passing between the portions corresponding to the sub-
strates, and thereby the frame and conductor layer exist-
ing on the line are cut together with the wafer.
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8. The method for making a surface enhanced Raman scat-
tering device according to claim 5, wherein a plurality of the
patterns are continuous; and

wherein, in the second step, a plurality of the patterns are

simultaneously transferred to the nanoimprint layer by
using the mold such that a plurality of the fine structural
parts are continuous.

9. The method for making a surface enhanced Raman scat-
tering device according to claim 1, wherein, in the fourth step,
the formed layer and conductor layer existing on a line to cut
passing between the portions corresponding to the substrates
are cut together with the wafer.

10. The method for making a surface enhanced Raman
scattering device according to claim 9, wherein, in the fourth
step, a fracture is extended from a cutting start point formed
in the wafer along the line and thereby the formed layer and
conductor layer existing on the line are cut together with the
wafer.

11. The method for making a surface enhanced Raman
scattering device according to claim 10, wherein, in the fourth
step, the wafer is irradiated with laser light while locating a
converging point within the wafer, and thereby a modified
region is formed as the cutting start point within the wafer
along the line.



